Background
==========

With the wide clinical application of angiography, contrast-enhanced nephropathy (CIN) has become the third-leading cause of acute kidney injury (AKI) \[[@b1-medscimonit-25-8602]--[@b3-medscimonit-25-8602]\]. The incidence of CIN is relatively high, ranging from 10% to 58%. It has been reported to be associated with approximately 6% in-hospital mortality \[[@b1-medscimonit-25-8602],[@b4-medscimonit-25-8602]\]. CIN also increases the length of hospital stay and cost of hospitalization, imposing a heavy medical burden on society. Therefore, it is crucial to develop effective and safe strategies for CIN prevention and treatment.

Currently, the diagnosis of CIN is primarily based on an increase of serum creatinine within 48--72 h after contrast exposure, without other obvious causes \[[@b1-medscimonit-25-8602]--[@b3-medscimonit-25-8602]\]. However, serum creatinine is not reliable and is always delayed in indicating AKI \[[@b5-medscimonit-25-8602]\], and more than half of kidney function may have been lost before serum creatinine starts to rise \[[@b6-medscimonit-25-8602]\]. In the past decade, several new biomarkers, such as neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury molecule 1 (KIM-1), have been discovered for early detection of AKI \[[@b3-medscimonit-25-8602],[@b7-medscimonit-25-8602]--[@b9-medscimonit-25-8602]\]. Human NGAL, also known as lipocalin-2 (LCN2), is a 25-kDa protein covalently bound to neutrophil gelatinase. Several studies reported that NGAL could be a predictive biomarker of CIN during coronary angiography with intra-arterial contrast media administration \[[@b10-medscimonit-25-8602]--[@b14-medscimonit-25-8602]\]. The overall AUC-ROC of NGAL to predict CIN was 0.894 (95% CI, 0.732--0.892) during coronary angiography within 6 h after contrast media administration \[[@b14-medscimonit-25-8602]\]. KIM-1, a transmembrane glycoprotein, is not expressed in healthy kidneys, but elevated after kidney injury. Tu et al. found that KIM-1 increased significantly by 6 h after ICU admission in patients with septic AKI, while serum creatinine started to rise after 24 h, indicating its potential clinical application as an early biomarker in the diagnosis of septic AKI \[[@b9-medscimonit-25-8602]\]. In the present study, we assessed the level of serum creatinine and observed the changing trend of NGAL and KIM-1.

Remote ischemic preconditioning (RIPC) is a non-fatal ischemia-reperfusion injury that provides protection against lethal ischemia-reperfusion in other organs or tissues \[[@b15-medscimonit-25-8602]\]. Previous studies showed that RIPC was able to increase myocardial salvage and protect against CIN in patients with ST-elevation myocardial infarction (STEMI) \[[@b16-medscimonit-25-8602],[@b17-medscimonit-25-8602]\]. However, the role of RIPC on CIN in patients with non-ST-elevation myocardial infarction (NSTEMI) is still not clear. Here, we evaluated the effect of RIPC on CIN in patients with NSTEMI who underwent interventional therapy.

Material and Methods
====================

Subjects
--------

From March 2015 to October 2017, 260 patients with NSTEMI who underwent interventional therapy in the First Central Hospital of Tianjin were assessed for eligibility in this study. Twenty-two patients refused to participant. Patients aged \>65 years with creatinine clearance \>30 ml/min/1.73 m^2^ were included.

Patients were randomly divided into 2 groups (the RIPC and control group, n=119 in each group) with a computer-generated block randomization stratified according to GRACE classification and creatinine clearance. Two patients (1 from each group) withdrew from the study due to intolerance to the upper-arm pressure. Two patients (1 from each group) were excluded due to contrast agent dose \>300 ml, and 9 patients (5 from RIPC group, 4 from control) were excluded due to contrast agent dose \<50 ml. Five patients (2 from the RIPC group and 3 from the control group) were lost during follow-up. Therefore, data from 110 patients in each group were reported. The detailed trial profile is shown in [Figure 1](#f1-medscimonit-25-8602){ref-type="fig"}. The study was approved by the Tianjin First Central Hospital Ethics Committee of Clinical Research Projects. Informed consent was obtained from all patients.

Procedures
----------

In the RIPC group, RIPC was performed with 3 cycles of alternating 5-min inflation/5-min deflation of the upper arm 2 h before contrast agent administration to induce transient and repetitive arm ischemia and reperfusion. The maximum inflation of the blood pressure cuff was 200 mmHg.

In the control group, sham RIPC was performed with an uninflated pressure cuff on the upper arm for 30 min. The hydration procedure was initiated 6 h prior to interventional treatment with intravenous injection of isotonic saline (60 ml/h), and was continued for 6 h after PCI. When there were no contraindications, all patients continued to take their previous medications, such as regular dose of dual anti-platelet drugs (aspirin and clopidogrel), regular statins, receptor blockers, and vascular conversion enzyme inhibitors.

Outcomes
--------

Incidence of CIN was the primary outcome. CIN was defined as a ≥25% relative increase in serum creatinine from baseline or an absolute increase from baseline above 0.5 mg/dl within 48--72 h after contrast medium exposure. Here, we chose 48 h after contrast administration to detect serum creatine, as previously reported \[[@b5-medscimonit-25-8602],[@b18-medscimonit-25-8602]\].

Changes in creatinine from baseline to 48 h and changes in NGAL and KIM-1 from baseline to 12 and 48 h after contrast administration were used as secondary outcomes.

Data collection
---------------

Baseline characteristics were recorded at admission for all patients, including sex, age, BMI (body mass index), medical history (hypertension, diabetes, dyslipidemia, and smoking), family history, blood glucose, medication, and baseline cardiac function grade. BMI was calculated as follows: BMI=body weight (kg)/height (m)^2^. In addition, contrast agent dosage, laboratory biochemical indicators, preoperative creatinine clearance, perioperative blood pressure, and the duration of PCI procedure were also recorded.

Elbow venous blood was routinely collected preoperatively and 12 and 48 h postoperatively from each patient. Blood samples were centrifugated at 3000 rpm for 10 mins and stored at −18°C. Conventional coronary angiography or PCI was performed. The intraoperative medication and surgical options were performed according to medical routines. No intraoperative or postoperative complications were observed. The characteristics of coronary artery lesions were recorded, including the number of lesion vessels, the target vessel site, and the number of stents implanted. All patients were treated with isotonic contrast agent (Whistler Parker, General Electric Pharmaceutical Shanghai Co.) to record the amount of contrast agent. Contrast agent doses \<50 ml or \>300 ml were excluded from the study. Renal function was measured. All patients were followed up for 1 month after intervention therapy. The levels of NGAL and KIM-1 were detected.

Measurement of NGAL and KIM-1
-----------------------------

All patients were assessed for NGAL and KIM-1. The levels of NGAL and KIM-1 were detected in Tianjin First Central Hospital using enzyme-linked immunosorbent assay (ELISA) (R&D Systems, Inc., Minneapolis, USA). The tests were performed in strict accordance with the instructions of the reagents and equipment suppliers.

Statistical analysis
--------------------

Currently, limited clinical data are available for estimation of the incidence rate of CIN in elderly patients with NSTMI. As previously reported, the incidence of CIN is between estimated to be 15--30% \[[@b15-medscimonit-25-8602],[@b18-medscimonit-25-8602]\]. We calculated the sample size based on this estimate, and assumed a minimum difference of 10% as a clinically important difference between groups regarding the incidence rate of the primary endpoint \[[@b5-medscimonit-25-8602],[@b18-medscimonit-25-8602]\]. Therefore, at least 68 patients were needed in each group to ensure such a reduction to be detected (power 90%, α=0.05).

The data were stored and analyzed using SPSS 24.0 (SPSS, Chicago, IL). *P* values \<0.05 were considered to be statistically significant. The distribution of continuous variables was assessed using Q-Q plots, histogram analysis, and standard deviation tests. The Kolmogorov-Smirnov test was used to test whether a variable was normally distributed. The *t* test was used for normally distributed continuous variables and the non-parametric Mann-Whitney-Wilcoxon test was used for non-normally distributed continuous variables. The chi-square test was used for categorical variables. Paired tests were used to determine intra-group differences of parameters before and after treatment (or parameters at different timepoints) within each group, and unpaired tests were used to evaluate inter-group differences of specific parameters between the RIPC and control group.

A subgroup analysis was carried out based on the Mehran risk score, as previously reported in a trail protocol \[[@b12-medscimonit-25-8602]\]. The Mehran risk score system is a well-validated system including both clinical and procedural variables. It consists of 3 risk classes of developing CIN: low (risk score ≤5), moderate (score 6--10), and high (score ≥11). In the present study, a subgroup analysis was performed in which all patients were classified based on Mehran risk score.

Results
=======

Baseline characteristics of all patients are shown in [Table 1](#t1-medscimonit-25-8602){ref-type="table"}. No significant differences were observed regarding patients' age, sex, and BMI between the RIPC group and control group. Baseline levels of creatinine and eGFR were not significantly different between the 2 groups (for control and RIPC, respectively: serum creatinine, 0.85±0.25*versus* 0.82±0.20 mg/dl; creatine clearance, 79.53±27.00 versus 80.95±25.38 ml/min/1.73 m^2^). Similar contrast dosages were used in both groups, with 143±58.7 versus 141±59.5 ml for the control and RIPC group, respectively. The duration of the PCI procedure was 62±22 min in the control group and 57±25 min in the RIPC group.

CIN occurred in 12 (10.1%) patients in the RIPC group and in 18 (15.1%) in the control group. RIPC did not significantly change the incidence of CIN (*P*=0.329). No significant effect of RIPC was observed with regard to the change in creatinine from baseline to 48 h after contrast administration ([Table 2](#t2-medscimonit-25-8602){ref-type="table"}). None of the patients required hospitalization or dialysis treatment due to CIN. One patient with left main coronary artery disease combined with three-vessel disease developed CIN and died of heart failure 2 weeks after partial revascularization.

The changes in NGAL and KIM-1 levels after RIPC were quite interesting. NGAL and KIM-1 levels peaked at 12 h after contrast administration ([Figure 2](#f2-medscimonit-25-8602){ref-type="fig"}). Although both NGAL and KIM-1 were elevated in both groups with or without RIPC, the levels of NGAL and KIM-1 were significantly lower in the RIPC group as compared with the control group (NGAL: *P*=0.024; KIM-1: *P*=0.007) ([Figure 2](#f2-medscimonit-25-8602){ref-type="fig"}). The changes in NGAL and KIM-1 from baseline to 12 h after contrast exposure were significantly reduced in patients with RIPC ([Table 2](#t2-medscimonit-25-8602){ref-type="table"}). Our results suggest that RIPC treatment may reduce sub-clinical renal damage, especially early in the injury. At 48 h after the operation, the increased levels of NGAL and KIM-1 in the RIPC group started to decrease, and no significant difference was observed as compared with the control group (NGAL: *P*=0.083, KIM-1: *P*=0.147). All patients were followed up at 1 month after procedures. NGAL and KIM-1 levels almost returned to the baseline level, and no significant difference was observed between the 2 groups (NGAL: *P*=0.059, KIM-1: *P*=0.098) ([Figure 2](#f2-medscimonit-25-8602){ref-type="fig"}).

A subgroup analysis was performed in which all patients were classified based on Mehran risk score. Our results revealed no significant change in serum creatine levels after contrast medium injection in all subgroups. Significantly reduced serum KIM-1 and NGAL levels were simultaneously observed in patients with a Mehran risk score 6--10 in the RIPC group as compared with the control group ([Table 3](#t3-medscimonit-25-8602){ref-type="table"}).

Discussion
==========

We found that RIPC did not significantly reduce the incidence of CIN in elderly patients with NSTEMI who received PCI. However, we observed significantly lower levels of 2 early renal injury biomarkers (KIM-1 and NGAL) in patients with RIPC. Our results suggest that RIPC causes a reduction of sub-clinical renal damage.

RIPC may reduce renal reperfusion injury through a variety of complex enzymatic reactions, anti-inflammatory effects, signal transduction pathways, and neural and humoral pathways \[[@b13-medscimonit-25-8602],[@b18-medscimonit-25-8602]--[@b21-medscimonit-25-8602]\]. The effect of RIPC on CIN has been widely studied. Whittaker and Przyklenk \[[@b22-medscimonit-25-8602]\] retrospectively showed the prospects for the application of RIPC in the prevention and treatment of CIN. Er et al. \[[@b5-medscimonit-25-8602]\] revealed that intermittent arm ischemia could reduce CIN incidence from 40% to 12%. Zhou et al. \[[@b20-medscimonit-25-8602]\] reported that the incidence of CIN was dramatically reduced, from 26.3% (without RIPC) to 10.0% (with RIPC), in patients with acute coronary syndrome.

However, reduction of CIN incidence is not always observed in clinical settings. A multicenter trial reported that upper-limb RIPC did not show a relevant benefit among patients undergoing elective cardiac surgery \[[@b16-medscimonit-25-8602]\]. Menting et al. \[[@b7-medscimonit-25-8602]\] reported that RIPC could not reduce CIN occurrence in a multicenter, single-blinded, randomized controlled trial enrolling 76 patients. Singh et al. \[[@b18-medscimonit-25-8602]\] found that RIPC prior to elective PCI was not effective in preventing CIN in patients with diabetes who had pre-existing CKD. Here, we found that RIPC did not significantly reduce CIN incidence in elderly patients with NSTEMI.

Zaugg et al. \[[@b23-medscimonit-25-8602]\] attributed the poor effectiveness of preconditioning to the specific group of patients, such as patients with diabetes or older age. In the present study, we only enrolled elderly patients aged \>65 years, and the poor effectiveness may be related to the relatively large group of older patients, as proposed by Zaugg et al. \[[@b23-medscimonit-25-8602]\].

It is unclear how long in advance RIPC should be performed before contrast infusion. Er et al. performed RIPC out 45 min before contrast administration \[[@b5-medscimonit-25-8602]\]. Other time intervals between RIPC in advance and contrast infusion have also been reported, such as 1 h \[[@b22-medscimonit-25-8602]\] and 2 h \[[@b24-medscimonit-25-8602]\] before contrast administration. Here, we chose to perform RIPC 2 h before contrast infusion. This choice took into account the clinical feasibility in our hospital, to allow sufficient time to complete RIPC before patients entered the interventional catheter room. To date, few studies have evaluated whether use of different time intervals between RIPC and contrast infusion influence the effect of RIPC on CIN. Well-designed studies should be carried out to study this.

The current diagnosis and monitoring of CIN mainly depend on changes in serum creatinine levels (SCr), but SCr takes 48--72 h or more to increase. Renal tubular function may have been significantly impaired within a few hours after contrast infusion. Contrast agents have direct tubulotoxicity to renal tubular cells, causing cellular membrane damage, cell necrosis and apoptosis, epithelial vacuolization, and interstitial inflammation \[[@b25-medscimonit-25-8602],[@b26-medscimonit-25-8602]\]. NGAL is a protein released from kidney tubular cells after harmful stimuli, which has been used for early and sensitive detection of CIN \[[@b13-medscimonit-25-8602],[@b27-medscimonit-25-8602]\]. The tubular biomarker KIM-1 is an early marker of tubular damage that is closely related to contrast-induced long-term clinical outcomes, such as adverse renal events, dialysis, longer hospitalization, and even death \[[@b28-medscimonit-25-8602]\]. Considering the hysteresis of SCr, NGAL and KIM-1 were used as observational indicators in this study. Our results suggested that, although RIPC treatment did not reduce the incidence of CIN, it may have early renal-protective effects against CIN, as indicated by the significantly reduced KIM-1 and NGAL levels.

Igarashi et al. employed a new CIN definition based on liver-type fatty acid binding protein (L-FABP). They defined CIN as a \>25% relative increase from baseline when baseline L-FABP is \>17.4 μg/g Cr \[[@b6-medscimonit-25-8602]\]. As reported by Menting et al., this provides interesting proof of concept evidence, but its clinical relevance remains to be established \[[@b7-medscimonit-25-8602]\]. Similar to their findings, we also found that RIPC treatment significantly reduced the incidence of KIM-1 or NGAL based CIN (defined as an increase of \>25% from baseline) (data not shown). Because none of these early biomarkers have been reported in the definition of CIN, we did not report these results in our study. More studies should be carried out in the future to better define CIN, and these early biomarkers for CIN would be promising candidates.

Er et al. found that 60% of the participants were at high risk of CIN, and they found that performing RIPC before contrast medium administration could prevent CIN in high-risk patients \[[@b5-medscimonit-25-8602]\]. Our results showed significantly reduced levels of serum KIM-1 and NGAL were simultaneously observed in patients at moderate risk of CIN.

Conclusions
===========

In conclusion, we found that RIPC did not reduce CIN in elderly patients with NSTEMI. However, the application of more sensitive biomarkers, NGAL and KIM-1, indicated a reduction of sub-clinical renal damage by RIPC, especially in the early stage of injury. As a simple and well-tolerated method, RIPC may be a potentially feasible therapeutic option, and its impact on prognosis needs to be assessed by longer follow-up or in a larger group of patients. Further large-scale clinical trials are required to confirm the efficacy of this approach.
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###### 

Baseline characteristics of patients.

  Item                                       RIPC group (n=110)   Control group (n=110)   *P*
  ------------------------------------------ -------------------- ----------------------- -------
  Age (years)                                71.69±6.69           70.81±6.27              0.433
  Male, n (%)                                68 (61.8)            62 (56.4)               0.250
  BMI                                        23.6±3.5             23.8±4.2                0.254
  Diabetes, n (%)                            42 (38.2)            46 (41.8)               0.510
  Systolic blood pressure, mmHg              145.5±26.2           149.5±25.8              0.413
  Diastolic blood pressure, mmHg             72.2±12.5            70.6±11.4               0.648
  LDL (mmol/L)                               2.90±1.007           2.98±0.92               0.721
  Hemoglobin (g/L)                           131±23.2             133±15.6                0.428
  Troponin-I peak (u/L)                      8.04±15.7            7.7±17.3                0.660
  hsCRP (mg/L)                               7.11±2.11            7.26±2.91               0.590
  BNP (pg/ml)                                468±431              365±615                 0.708
  GRACE score                                108±23               107±22                  0.384
  Creatinine (mg/dl)                         0.82±0.20            0.85±0.25               0.437
  eGFR (ml/min/1.73 m^2^)                    80.95±25.38          79.53±27.00             0.798
  NGAL (ng/ml)                               104.8±24.47          112.42±29.61            0.104
  KIM-1 (ng/ml)                              45.26±11.43          46.42±14.76             0.612
  Lesion location                                                                         
  Single-vessel disease, n (%)               31 (28.2)            27 (24.5)               0.646
  Two-vessel disease, n (%)                  42 (38.2)            43 (39.1)               0.980
  Three-vessel disease, n (%)                37 (33.6)            40 (36.4)               0.778
  Left main coronary artery disease, n (%)   17 (15.5)            15 (13.6)               0.849
  Medications in use                                                                      
  ACEI/ARB, n (%)                            98 (89.1)            94 (85.5)               0.545
  Beta blocker, n (%)                        85 (77.3)            82 (74.5)               0.753
  Diuretics, n (%)                           27 (24.5)            21 (19.1)               0.415
  Statin, n (%)                              102 (92.7)           106 (96.4)              0.374
  Sulfonylureas hypoglycemic agents, n (%)   25 (22.7)            22 (20.0)               0.742
  Contrast dosage (ml)                       141±59.5             143±58.7                0.814
  Duration of PCI procedure (min)            57±25                62±22                   0.117

###### 

Comparison of changes in biomarkers of renal injury between the 2 groups.

                                                      RIPC group (n=110)   Control group (n=110)   P
  --------------------------------------------------- -------------------- ----------------------- -------
  Change in creatinine from baseline to 48 h, mg/dl   0.02±0.14            0.06±0.09               0.053
  Change in NGAL from baseline to 12 h, ng/ml         11.58±18.01          18.34±15.35             0.02
  Change in NGAL from baseline to 48 h, ng/ml         7.81±14.93           9.74±9.74               0.377
  Change in KIM-1 from baseline to 12 h, ng/ml        5.04±8.76            10.88±14.71             0.01
  Change in KIM-1 from baseline to 48 h, ng/ml        3.39±9.69            5.26±8.19               0.23

###### 

Changes in serum creatinine, KIM-1, and NGAL per group stratified by Mehran risk score.

  Mehran risk score   Group     n               Change in serum creatine (mean±SD)   P           Change in KIM-1 (mean±SD)   P         Change in NGAL (mean±SD)   P
  ------------------- --------- --------------- ------------------------------------ ----------- --------------------------- --------- -------------------------- ---------
  ≤5                  Control   30              0.0486±0.0581                        0.834       4.23±5.64                   0.815     24.6±20.9                  0.004
  RIPC                34        0.0538±0.0939   3.62±10.1                            5.42±17.3                                                                    
  6--10               Control   50              0.102±0.112                          0.149       9.33±10.0                   \<0.001   27.5±20.5                  \<0.001
  RIPC                47        0.0564±0.120    −1.43±9.90                           2.26±18.8                                                                    
  ≥11                 Control   30              0.000±0.193                          0.251       1.15±6.32                   0.584     21.9±28.5                  0.012
  RIPC                29        0.0624±0.122    2.50±8.06                            1.17±16.8                                                                    
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